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The present invention concerns the production of 
valuable product, through the pyrolytic degradation of bark. 

The bark of trees, such as Douglas fir and pine # 
comprises a significant by-product of the wood products 
industry. Such bark contains a number of complex chemical 
substances which, through pyrolysis, yield organic materials 
of commercial utility. The production of such organic mater- 
ials, however, is only practical if yields are in sufficient 
quantity, and the cost of producing auch yields is low enough, 
as to be justified economically. 

A general object of this invention is to provide 
an improved process for pyrolytically degrading bark which 
results in the production of significantly larger yields of 
a useful organic material, namely, a tar-oil product, than 
previously possible. As used herein, the phra** -tar-oil- 
product refera to that portion of the volatile products given 
off on the pyrolytic degrading of bark which is condensable 
under atmospheric conditions. 

More specifically, this invention is based on the 
discovery that maximum yields of a tar-oil product are possible 
if the bark is quickl^ brought to pyrolysis temperature, and 
volatile product produced by the pyrolysis is handled in such 
a way a. to inhibit further pyrolysis to produce a noncondens- 
able material. 

Thus, a »or. .pacific object of the invention is to 
provide a process for the pyrolytic degradation of bar*, 
wherein a fluid bed reactor is employed, which enables the bark 
quickly to be brought to pyrolysis temperature as part of a 
fluidized bed. and wherein the retention time within the re- 
actor of volatile product produced during the pyrolysis i. 
Maintained at a minisum. The retention tine of the solid 
product which result, from the pyrolysis. i.e.. char, while not 
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of great length, is considerably longer than Uie retention 
tine of the volatile product. The retention time selected 
for the solid product is one which permits maximum pyrolytic 
conversion of the bark to a tar-oil product under the reaction 
conditions being maintained. 

As already indicated, the bark is brought to pyroly- 
sis temperature as a part of a fluidized bed, i.e., a bed 
comprising a mass of bark particles existing as a turbulent 
mass with particles suspended by a fluidizing gas traveling 
up through the mat's. Because of the suspended state of the 
particles, the mass has many of the properties of a fluid. 
Some of the gas producing fluidizing of the bed comprises the 
volatile product driven off from the bark particles as the 
result of pyrolysis. Additional fluidizing gas is introduced 
to the base of the f lui'l bed reactor and directed to flow up- 
wardly through the bed of bark particles. To permit optimum 
recovery of volatile pyrolysis product, it is desired to mini- 
mize the dilution of the volatile pyrolysis product by the 
fluidizing gas introduced to the base of the reactor. Toward 
this end, the fluidizing gas introduced to the reactor is 
introduced primarily at the start of fluidizing the bed, and 
the gas subsequently introduced preferably is only that which 
is necessary to maintain the bed in proper fluidized form. 

Kith the introduction of fluidizing gas controlled 
in the manner set forth above, it is not practicable to control 
the temperature of the fluidized bed by relying on a heat 
transfer between the fluidizing gas and the particles in the 
bed fluidized. As a consequence, this invention further con- 
templates, as a specific object, a process wherein temperature 
control of the fluidized bed is effected by a heat exchange 
taking place between the bed and heat transfer surfaces in 
the bed, which surfaces are controlled as to temperature to 
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produce the result, desired. Further explaining, and ae.u*- 
ing that a temperature of 1.000° r. i. desired in the fluid- 
i*ed bed. and the heat must be introduced into the bed for it 
to be maintained at thi. temperature level. .uch heat may be 
introduced by circulating a hot ga. through tube, or other 
heat exchange surfaces provided in the region of the bed. with 
heat transferring fro, these surface, to the particle. making 
up the bed. 

The invention, and various other objects, features, 
10 and advantage, of .uch. will become more fully apparent fro. 
* reading of the following de.cription. which is to be taken 
in conjunction with the accompanying drawings, wherein, 

FIGURE 1 is a flow sheet illustrating a preferred 
manner of carrying out the invention; and 

PI CURS 2 illustrates a fluid bed reactor such as is 
used in carrying out the invention. 

In practicing the invention, b«ft. such as the bark 
of Douglas f ir . pi„e. hemlock, etc.. may be first processed 
to remove metal objects, stones, dirt. etc. The bark is then 
dried, and reduced to particle form, whence it is ready to be 
subjected to pyrolyais. 

Xn the pyrolysis of the bark, the particulate bark 
material i. fed continuously into a fluidizing zone of a fluid 
bed reactor. This zone is maintained at a temperature within 
« critical temperature range, noted to be high enough to pro- 
mote the desired pyrolytic conversion of the bark to a tar-oil 
product, and not so high a. to produce material degradation by 
further pyrolytic action of thi. product into lower molecular 
weight materials, such a. noncondet.sable gases. T h. bark 
particle. ar„ maintained in a fluidiz.d .t.te. by introducing 
• fluidizing g.. from . .ou rce miam ^ ^ ^ 

«P through th. bed together with volatile product produced 
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by the P yroiy«i.. The volatlle producfc ef ^ 
removed .Wt innnediateiy. wlth . ratention ^ ^ tjje 

r ;; c ; or of ie - — - ~— — g ^ Mqulred to 

ootain the yields daaii-** . j 

-~ -on.. Wn, p,.,.,,.,. ^ 

" c "'° — • - — — . « 

wm. My „ „„.„ ln ^ flrin5 M ttI 
u— «»<«.„.. „, th .„ u f „ rtw a 

separate such material in*« 

point.. " " 1 " ,r *" t ■»'"»' 

« «•*«*», ~« «,. iM t„ t tajtl „, vhll , 

minimum, and a retention tine of at l M — *v 
, 0 t M " le * 8t th «e minutes is Pre - 

■0 f erred, it is onlv , 

oniy with a retention time as indicated that 
Paired yieids in voXatiXe product are obtained. 

For the purpose of better under8taading 

2° n ; • * ^ «- - — W iu . de8C ; ibed f 

an- reference i. now made to PIGURE 2 . 

«- '«•!* hed reactor iXXustr.ted in ^ x 
- actor sh.U XO incXudin, . 8ubetantiaUy ^J" 
~U section XOa. and an upper section XO, of sXiohtXy largor 

butor tray 12 extends across th„ w 

„ the bott0B "ction. and this tray 

defines the base of the flui^.i Y 
t« w. "«*»i»in« tone in the reactor. Wall 

10- bound, the periphery of this tone. 

Comminuted bark to be procea.ed !„ »k 

processed in the reactor enter. 




through a feed pipe 14, with -alve 16 providing a means for 
controlling the feed rate of the bark, yhe bottom of the feed 
pipe opens to the interior of the reactor shell to provide 
adequate distribution of bark to the f luidizing cone within 
the reactor. 

Solid product (char) produced in the pyrolysis leaves 
the reactor through conduit 18. Solid product moves into the 
conduit by spilling over from the top of the fluidizing zone. 
Conduit 18 is provided with a valve 20. With valve 20 opened. 
10 the retention time of solid product in the reactor is controlled 
entirely by control of the feed rate of bark through feed pipe 
14. The average retention time of solid product within the 
reactor is calculated by dividing the amount of solid product 
which is containable within the fluidizing zone as a fluidizing 
bed by the feed rate of comminuted bark into the reactor through 
the feed pipe, with partial closing of valve 20, the size of 
the f luidized bed within the reactor may ba increased which has 
the effect of also increasing the retention time of the solid 
product. 

Shown at 26 are tubes which project into the fluidiz- 
ing zone of the reactor. These are utilizable in controlling 
the temperature of the bed during the pyrolysis. Thus, if heat 
is to be supplied to the reaction zone, hot gas may be circulat- 
ed through these pipes, with the heat exchange taking place 
between the hot gas and the material in the bed through the pipe 
surface vhich constitute heat exchange surfaces. 

Shown within the reactor is a cyclone separator 30. 
Such communicates adjacent its top with the interior of the 
reactor, through a duct 32. Solid fines collecting in the 
cyclone separator drop down in the separator to collect in a 
pipe 34. These fines are withdrawable periodically by opening 
valve 36. 
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Volatile product produced by the pyrolysis leaves 
the reactor by entering the cyclone separator through duct 32, 
and thence passing upwardly through conduit 38 which leads 
from the top of the separator and outside the retort. Such 
volatile product is essentially free of aolid material and 
comprises condensables, which condense to produce water and a 
tar-oil product, and nonconden sables, comprising carbon di- 
oxide, carbon monoxide, methane and other gaseous products. 
This noncondensable volatile product may be utilized as a 
10 fuel in carrying out other parts of the process. 

During the pyrolysis of the bark, volatile product 
is given off which is uv.ilized in fluidizing the bed in the 
reactor. Additional gas to fluidize the bed is introduced into 
the reactor through conduit 40 at the base of the reactor. The 
gas utilized may be steam, which is a condensable material and 
thus removed with conoensatior. of the material leaving the 
reactor. Another gas that may be employed is the noncondens- 
able gas produced by the pyrolysis, which, as already indicated, 
includes appreciable amounts of carbon monoxide and carbon 
20 dioxide. 

Referring now to FIGURE 2, which is a flow diagram 
illustrating how bark may be processed according to the inven- 
tion, shown at 50 is a bark storage pile from which bark is 
conveyed on conveyor 52 past a magnet 54 where tramp iron is 
removed magnetically. Prom thence, the bark travels into a 
water sluice 56, with heavy articles such as rock and stones 
being removed by falling to the bottom of the sluice. Bark 
flowing with the water through the sluice is thence tumble 
washed in a washer 58 where silt and mud are removed. The bark 
30 after being drained of excess water is conveyed to a roll press 
59 where, through a squeeze action, there is a reduction in 
moisture content, and initial breaking up of bark chunks occurs. 
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Bar* leaving the roll pre., p..... on a conveyor 62 
to a dryer 64. where the bar* i. dried to a moisture content of 
1«« than about 20 percent moisture (percent by weight water 
based on the dry weight of the bark). Preferably, the bark i. 
dried to an oven dry .tate. m the dryer, the compatible non- * 
condenaabl. ga. material, produced in the pyrolyai. reaction 
«-y be utilised to provide the fuel requirement, of the dryer. 

Dry bark from the dryer is conninuted by directing 
the bark on a conveyor 66 to a grinder 08 where the bark is 
10 reduced to proper particle six. to permit the formation of 

fluidised bed. Ordinarily, it i. contemplated that the bark is 
ground to a particle sire permitting it to p... through at least 
•bout a quarter-inch .creen. On leaving the grinder, the bark 
i. screened at 69. and transported to a feed bin 70 where euch 
i. stored prior to being introduced to the fluid bed reactor, 
shown generally at 71. 

The fluid bed reactor has already been described in 
•ome detail in connection with pi G0 R2 2. Sol^d product (carbon 
or char) from the reactor, i. collected in carbon cooler 72 
whence it is conveyed to a carbon bin 74. 

The volatile product from the pyrolyais reaction 
P«... through conduit 75 to a ccnden.or 76 where the tempera- 
ture of the volatile product is reduced from approximately the 
temperature of the fluid bed reactor to a temperature near room 
temperature, i.e.. loo° to 200° p. Th e nonconden.able product 
fro. the condenser, which typicaUy may comprise from 60 to 64 
percent carbon monoxide. 13 to 19 percent methane, and 17 to 26 
P.rc.„t carbon dioxide, travel, through a conduit 78 to a ga. 
holder 80. where .„ch is stored P rior to being Ul(d fer £ual 
purposes. The condensable materia! from the cond.nsor (the 
t,r-oil product and water,, travel, to a tank 82. Pro- thence, 
the material may b. further proce...d to recover specific 
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organic compound, fron th. cond.n..bl... 

in th. figur.. . , till 1§ , hown afc 86 ^ 
cond.„..bl. m.t.ri.1 from th. cond.n.or may b. initl . lly 
Proceed, Xn th. .tiU. .o-c.u.d llght ^ ± . 
confound, boiling iow. r phenol . 

with w.t.r fro* organic c«*ound. h.ving . poinfc ^ 

to or gr.at.r than ph.nol. Th. w.t.r .nd light oil. l. av . th . 
•till .t th. top .nd trav.l through conduit 88 to addition.! 
di.till.tion equipment 89 wh.re th.r. may be f inal recovery 
of th. organic material i„ thi. fraction. The h..vi.r boili„ g 
«t.ri.l l..v.. ^ . tm at tho ^ travei> 

conduit 90 to additional di.till.tion . q ui P m.nt wh.r. th.r. 
-y be f„rth.r .eparation into portion, of different boiling 
point.. 

Th. following example. Mrve to illu8trate ^ 
inv.ntion, a. pr.ctic.d with c.rt.in typ.. of tr.. bar*.. 

Bxanplft 1 

Ground crbon p... ing through , t^^.,.,, 
wa. placd i» n f luld ^ reaetcr ef ^ ^ ^ 
FICW* 2. steam wa. introduce into tube. to rai8e the 
temperature of thi. carbon to a feature of 800° p. Pluid . 

1 ^ " «PP-i-.t.l y the bod te^ratur. of 
T.. and .t a P r...ure of 15 p.i g . w .. Produced into th. 
"actor through conduit 40. . tean produced . ^ 

of th. carbon having a den.ity of 1. 52 pound . ^ ^ 
which filled «p th. fluidixing xon. within th. reactor. 

Old growth Dougla. f lr bar,. p rec .,. ed „ witft ^ 
^ ^ ^ PICW8 1 *• • Particle .l,e p...in g 

30 a " e ~ " crMn - and Marly at w - n — 

30 condition., va. then introduced continuously into th. fluid bed 
r..ctor through conduit 14. The .olid product of pyrolyi.. 
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i.e., char, was removed continuously through conduit 18, as 
such spilled over into the conduit. 

Curing pyrolysis, sufficient steam, as fluidizing 
gas, was introduced into the reactor to maintain the particles 
within the reactor as a f luidized bed having the density 
earlier indicated. As pyrolysis proceeded, the amount of 
steaa needed to maintain the bed properly f luidized dropped by 
about 70 percent. 

Average retention time of solid product within the 
10 reactor was determined by dividing the weight of bark that the 
fluidizing zone of the reactor could hold with such in the form 
of a fluidized bed, with the feed rate introduced of barX into 
the fluidizing zone. The average retention time of solid pro- 
duct in tho reactor was determined to be 3.73 minutes. Knowing 
the volume of the reactor occupied by volatile products of 
reaction, the total flow rate of gas out from the reactor, and 
the flow rate of fluidizing gas into the reactor, the average 
retention time of volati le product within the reactor was de- 
termined, and found to be 3.70 seconds. 
10 the fluidizing bed temperature of 800° F», and 

with the residence times indicated for the solid and volatile 
products of the reaction, the following yields were obtained 
(expressed as percent by weight of the oven dried bark processed) t 
tar-oil 32.41; char 3J.51* water 20.17* none onden. able, or gas 
15.90. 

In other runs, old growth Douglas fir bark was pro- 
cessed as in Example 1, using different bed temperatures for the 
fluidized bed. The yields obtained in these different runs are 
Indicated in the following tablet 
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Table I 



Example 2 
Example 3 
Example 4 
Example 5 
Exaaple 6 



Bed Temperature 
- degrees p. 



700 
900 
1100 
1500 
500 



Yiold a. percent by weight of 
oven dry bark 



Tar-oil char 
23.06 43.65 
31.83 27.33 



23.51 
4.61 
5.27 



22.04 
11.26 
62.58 



Water 

29.12 

18.37 

14.98 

16.09 

10.01 



£as 

4.17 
22.47 
39.47 
68.04 

2.14 



in other run., other type, of bar* were proceed, 
«i«o variou. bed temperature., a. indicated by the following 
summarizing tablet 



Bed Temperature 
- degrees F. 



Yield a. percent by weight of 
oven dry *» rk * * or 



Example 7 
(Second growth 
Douglaa fir) 900 

Example 8 
(Second growth 
Dougla. fir) 1000 

Example 9 ll00 
(Second growth 
Dougla. fir) 

Example 10 u 00 
(Hemlock) 0 



Water 



Gas 



26.76 35.52 22.10 15.62 



28.32 
25.59 



31.65 
29.70 



23.18 
16.36 



16.85 
28.35 



27.18 30.55 18.03 24.24 



30 



Example % 

in »oth.r run. old growth cougl,. tir b „ k w „ p 
ceased, «• in Bjwanl. 3 n «.4i<_* . 

sx^pi. 3f utili£lng a ^ fap.rau.re of 900° p 

« «.... ». yl .« p ^ f _ ^ ^ procwd ... .. 
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As partially demonstrated by Examples 5 and 6, to 

obtain maximum yialds the temperature for tha fluidised bad 

during the pyrolyaia reactor preferably ahould be within tha 

range of 700 to 1200° P. The temperature employed in the 

fluidised bed depends to some extent on the type of bark being 

processed, with it being observed that old growth Douglas fir 

is best processed at a temperature of around 900° F. # second 

growth Douglas fir and southern pine at temperatures between 
o o 

900 P. and 1000 P. and healock at a temperature slightly 
exceeding 1000. Khan too high a temperature is used, appar- 
ently through pyrolysis the volatile product obtained is ex- 
cessively degraded to a noncondensable state, and thus not 
recoverable as a tar-oil product. With too low a temperature 
used, insufficient pyrolysis takes place to give proper yields. 

According to the invention, it is extremely important 
that the retention time of the volatile product in the pyroly- 
ais reaction, i.e., the gas phaae, be less than ten seconds and 
preferably under seven seconds, if maximum yield of tar-oil 
product la to be realised, ror instance, as demonstrated in 
Example 9, a tar-oil yield of 25. r 9 percent was obtained with a 
gas retention time of 3.70 seconds. Increasing this retention 
time to 5.22 seconds (by lowering of the flow rate of fluidiz- 
lng gas through the reactor) had the effect of reducing the 
tar-oil yield to 19*06 percent. With a retention time above 10 
•econds, a very serious reduction in tar-oil yield will be ex- 
perienced. As a practical matter, retention times of less than 
•bout two seconds are difficult to obtain, du* to the high 
velocity of gas flow that would be required through the re- 
actor to obtain this very low retention time. 

the solids preferably are retained within the reactor 
for a retention time ranging from two to about six minutes. A 
retention time exceeding the range indicated does not appear to 
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aff.ct the yield of tar-oil obtained. However, the yield of 
•olid char or charcoal x. affected, with a long retention time 
apparently having the effect of causing los. of carbon with the 
production of nonconden.abl# such as carbon dioxide and carbon 
■onoxide. without a retention time of at least about twj min- 
utes, there is insufficient pyrolitic action to obtain the 
desired yield. 

In the examples above set f>rth. external heat was 
applied to the fluid bed reactor, through tubes 26 at etart- 
10 up =nd to a limited d,gree during the pyrolytic reaction, to 
maintain the bed temperature at the level desired. This per- 
mitted the f luidiring gas to be introduced at the exact tem- 
perature desired in the fluidited bed. and permitted temperature 
control without relying upon heat contributed a. sensible heat 
in the fluidiring gas. As a consequence, minimum dilution of 
the volatile product obtained by the pyrolysis results. 

The tar-oil products obtained in the various runs 
set forth above were processed, to determine the fraction of 
such products comprising organic compounds with boiling points 
20 lower than that of phenol, considered the -li Q ht oil.-, « nd to 
determine the fraction of such tar-oil products, having boiling 
point, equaling Wat o .,. no l and ranging upwardly to the boil- 
ing point of dimethyl catechol (the latter fraction being re- 
ferred to a. the mixed phenolic fraction*. The light oil frac- 
tion contain, such compounds a. organic acids, aldehydes, 
ketones, ether, and alcohols. The mixed phenolic fraction con- 
tain, such compound, a. phenol, cre.ols. xyl.nols. ga.l.col. 
«l*yl phenols, and certain d.hydric phenol, such a. the catechol.. 
The fraction having a boiling point exceeding that of dimethyl 
30 catechol w.. classed a. a heavy oil fraction, and is mad. up of 
complex polyphenol^ compound.. . .ig„ifi c .„t portion of .uch 
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being wax esters of ferulic acid and lignoceryl alcohol, and/or 
similar type esters. The following table summarizes the re- 
sults obtained from such processing. 

The various phenolic compounds obtained from . .e 
mixed phenolic cut, i.e., the compounds with a boiling point 
ranging from that of phenol to that of dimethyl catechol, 
have r'-llity in the usual applications requiring phenolic 
compounds. For example, they may be used in phenolic resins, 
plasticisters, pesticides, and as chemical intermediates. 

With respect to what are referred to herein as the 
heavy oils of the tar-oil product, such have utility in the 
preparation of plywood adhesive*, tuoloing resins, extenders 
for epoxy resins, compounding aids for rubber, plasticizers, 
blending aids for high density polyethylene*, resin adhesive 
for Fiberglas products, etc. To Illustrate just one of such 
uses, a plywood adhesive was prepared with 30 percent of the 
phenol In a phenol- formaldehyde resin replaced with the heavy 
oil fraction mentioned. The adhesive prepared was comparable 
to commercial resins produced entirely from phenol. 

The char or carbon product which is obtained by the 
pyrolysis is produced in approximately the particle size of 
the bark product from which the char is prepared. Such may be 
briqueted in a conventional manner, to produce charcoal briquets 
usable for fuel purposes. Alternatively, the carbon may be 
activated to produce an activated carbon usable in such fields 
as municipal water purification, sugar processing, dry cleaning, 
gas absorption* etc. 

While having described particular embodiments of the 
invention, it is appreciated that changes and variations will 
occur to those skilled in the art. 
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The embodiments of the invention in which an 
exclusive property or privilege i. claimed are defined a. 
follow* I 

1. A proceaa for pyrolytically degrading bark 

comprising 

reducing the bark to particle form .uitable for the 
formation of • fluidlsed bed. 

introducing such bark to the f luidiaing .one of a 
fluid bed reactor and with .uch rone at a temperature of 
fro. 850° to 1100° F. producing a fluidired bed fro* .uch 
bark. 

through pyrolysis degrading the bark in euch f luid- 
ined bed to produce a volatile product and a solid char 
product. 

after an average retention time in the reactor of 
no more than about ten .econda removing the volatile pro- 
duct from the reactor, and 

after an average retention time in the reactor of no 
1... than two minutes removing the solid char product from 
the reactor. 

2. The method of claim 1, wherein the bark prior to 
Introduction to tLo fluidizing xone is dried to a moisture 
content of 20 percent or less. 

3 . The method of claim 1. which further comprises the 
step of heat exchange with bark in said fluidixing sone 

.through heat transfer surfaces disposed in said *one, to main- 
tain the temperature in said sone between 700° and 1200° F. 
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4* The method of claia 1, wherein the volatile product 

from the bark is removed after an average retention tiae 
ranging from two to seven seconds, and the solid product is 
removed after au average retention time ranging from two to 
six minutes. 

5. The method of claim 1» wherein the bark prior to 
being introduced to the f luidizing zone is dried to a moisture 
content of 20 percent or less f and wherein heat exchange takes 
place with bark in said f luidizing bed zone through heat trans* 
fer surfaces disposed in said Lone, to maintain the temperature 
in said cone between 700° and 1200° P. 

6. The method of claim 1« wherein the f luidising zone 
is bounded by a peripheral upright wall, the bark is fed con- 
tinuously into said cone, and solid pyrolysis product is 
removed continuously as such spills over said wall. 



